Introduction
[2] Several earlier studies [e.g., Liepert, 2002; Liepert and Tegen, 2002; Gilgen et al., 1998 ] mainly find a decrease in total irradiance, when analyzing the period between 1960 and 1990. This phenomenon became widely known as ''global dimming''. However, since 1990 total irradiance seems to be increasing at many measurement sites worldwide [Wild et al., 2005] and also globally as derived from satellite data [Pinker et al., 2005] . Most authors assume that the main cause of the changes in total irradiance is amount and/or composition of aerosol [e.g., Stanhill and Cohen, 2001; Liepert and Tegen, 2002; Alpert et al., 2005] . The highest rates of decrease are found in highly populated areas [Alpert et al., 2005] , whereas extinction measurements at very remote sites show no significant trends [Schwartz, 2005] . Since the late 1980s emissions of anthropogenic aerosol in many regions were strongly reduced [Sharma et al., 2004] . Therefore this could be responsible for the observed increase in irradiance since then. However, it should be noted that the observed trends for total irradiance are often not significant, as enhanced scattering causes only modest reduction of total irradiance. Analyzing mainly the direct beam component could lead to stronger more significant changes.
[3] Very few time series of surface measurements of direct irradiance are available for the time before 1990 [e.g., Faiman et al., 2004] . In this study, measurements of direct irradiance for three monitoring stations in Oregon are analyzed for the exceptionally long period from 1978 to 2004. They are compared to direct irradiance derived from cloud data from the International Satellite Cloud Climatology Project (ISCCP) [Schiffer and Rossow, 1983] . Trend analyses are carried out for both data sets. The long timeseries present a unique opportunity to study direct irradiance for years before and after the eruptions of Pinatubo in 1991 and El Chichón in 1982. This allows scrutiny of the influence of volcanic aerosols on the derived trends of direct irradiance.
Data Sets and Procedure
[4] Direct normal irradiance is derived from ISCCP cloud data through radiative transfer calculations according to the method developed by Lohmann et al. [2006] . The ISCCP FD data set [Zhang et al., 2004] used here has a spatial resolution of 280 km and a temporal resolution of 3 hours. Currently it covers the period from July 1983 to December 2004. Monthly means of aerosol optical depth are gathered from model results of Tegen et al. [1997] . Due to the unavailability of a data set that describes the actual aerosol optical depth for tropospheric aerosols the same annual cycle has to be assumed for all years. At least the stratospheric aerosol optical depth, which varied strongly over time, could be described more realistically according to Sato et al. [1993] . This data set ends in 1999, but as no high reaching volcanic eruption happened in between, an exponential decay is assumed since then. This assumption is well proved by lidar observations, e.g., by Jäger [2005] . The complete DLR-ISIS-method (Irradiance at the Surface derived from ISCCP cloud data) has been validated in an earlier study with irradiance derived from high resolution satellite data averaged over the area of complete ISCCP boxes [Lohmann et al., 2006] . There it is found that DLR-ISIS on average underestimates direct normal irradiance by 2%.
[5] Data from three stations in Oregon are used for the comparison [Riihimaki and Vignola, 2005] , with the earliest measurements starting March 1979 for Burns, December 1977 for Eugene and June 1979 for Hermiston ( Figure 1 ). The station in Hermiston was out of operation from January 1990 to October 1992. At each site direct normal irradiance is measured by an Eppley Normal Incidence Pyrheliometer with calibrations traceable to the WMO standard. Field calibrations were carried out yearly except for the period from 1987 to 1992. From calibration with reference instruments at the National Renewable Energy Laboratory and Eppley Laboratory it is assumed that measurements in the field have an absolute 1-sigma accuracy of ±1.5%.
[6] Trends are derived from annual averages for the parallel observation period from 1984 to 2004. In the case of Hermiston the missing months in the surface measurements were also omitted in the satellite derived data. Additionally, seasonal trends are analyzed. To evaluate the influence of volcanic aerosol trends are re-calculated omitting the three years most affected by the eruptions of El Chichón (1982/83/84) and Pinatubo (1991/92/93).
Results and Discussion
[7] Long-term averages of the surface data and the corresponding DLR-ISIS grid boxes are given in Table 1 . There is a large bias between the surface and DLR-ISIS data for the Burns and Hermiston stations. Part of the bias, which on average over all three sites is À16%, is probably caused by an overestimation of the cloud amount by ISCCP as reported, e.g., by Rossow and Schiffer [1999] . Also, some deviations between the time series have to be expected due to the fact that site-specific measurements are compared to averages gathered over approximately 80000 km 2 . It is unlikely that the pyrheliometers are placed at sites which are highly representative of the average over the ISCCP boxes. The region under investigation here is partly very mountainous which can cause large spatial variability of the solar irradiance field. This fact can already be seen intercomparing measurements: The distance between the three stations is in the range of the size of a grid box. The differences between measurements at the three sites therefore give an indication of the variability to be expected within the ISCCP boxes in this region. Table 1 shows that these differences are of the same magnitude as the deviations between measurements and the DLR-ISIS data. This indicates that most of the bias could be caused by the fact that the measurements are taken at places which are a little sunnier than the average of the box. To remove the bias, anomalies of annual averages against the long-term average for the overlapping 1984 to 2004 period are analyzed.
[8] Viewing the temporal patterns of the anomalies (Figure 2) show good agreement of surface-and satellitebased observations for all three sites, indicated also by relatively high correlation coefficients for the annual anomalies (Table 1) . For Burns the correlation coefficient is 0.87, showing very similar temporal behavior between the station and the grid box average. For Eugene and Hermiston correlation coefficients are lower (0.67 and 0.71). Again, this can be caused by differences between the box average and the measurements at a single station. For example, 15% of the grid box containing Eugene is covered by ocean (Figure 1 ).
[9] Both the satellite-derived irradiance and the surface measurements show positive trends for annual averages of direct normal irradiance ( Table 2) . None of the trends for the time 1984 -2004 is significant applying a Student's t-test. The increasing trends for Burns and Eugene result from a strong increase during summer and fall, partially compensated by a decrease during winter (Table 2 ). For Hermiston direct normal irradiance is increasing for all seasons. The seasonally differing behavior of trends can also be found in the averages for the grid boxes in the DLR-ISIS data set. Exceptions are summer values for the grid box containing Eugene and spring values for the grid box containing Hermiston. Grid box averages indicate a decreasing trend whereas surface measurements are increasing. However, none of these trends is statistically significant. The differences between the trends in the two data sets again could be caused by differing spatial resolutions, but also due to shortcomings of the ISCCP cloud processing method [Rossow and Schiffer, 1999; Wielicki and Parker, 1992] . Nevertheless cloud amounts in the ISCCP data set show no significant change for the three grid boxes between 1984 and 2004. It is assumed that changes of direct irradiance are strongly influenced by the stratospheric aerosol from volcanic eruptions.
[10] Recalculation of the trends omitting the years most affected by the eruptions of El Chichón and Pinatubo resulted in none or slightly decreasing trends in the DLR-ISIS data (Table 2 ). This confirms that increasing trends in the DLR-ISIS data are caused by volcanic aerosol. Trends in the surface measurements are weaker and become negative for Burns. Therefore, trends in the surface measurements are strengthened by the stratospheric aerosol, but this does not seem to be the only reason for the increase in direct normal irradiance. Taking into account the full length of the data set from 1980 and 1978 respectively, trends in the surface data become very strong and significant (Table 2) . Again, omitting the years affected by the volcanic eruptions weakens the trends, but only for Burns do values drop below the 90% significance level. The surface data also confirm a strong influence of volcanic eruptions, but trends remain strong when excluding years with strong aerosol loads. Since the cloud data from the ISCCP data set show no changes for the three boxes studied here it is assumed that the changes in direct normal irradiance are mostly due to changes in tropospheric aerosol. Tropospheric aerosol in the DLR-ISIS data set is constant throughout the years, therefore variability of irradiance due to changes in aerosol is not covered. But also changes in cloud properties on a smaller scale than an ISCCP grid box could be responsible for the observed changes.
[11] In future studies, beam irradiance will be analyzed for changes of clear sky total optical depth and cloud frequency. Analysis of additional parameters like global irradiance will give further hints into causes of observed changes.
[12] In general the temporal changes in measured and satellite derived data agree well. DLR-ISIS is a global data set, which shows even stronger trends of direct normal irradiance in many other regions [Lohmann et al., 2006] . The intercomparison presented in this paper supports the findings of Lohmann et al. [2006] . But more validation work like this study should be done for other sites, which offer long-term direct normal irradiance data.
